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I. Introduction

In the past several years there has been renewed activity in the
analysis of the geomagnetic field due to its importance in controlling
the trajectories of cosmic rays and lower energy charged particles
trapped in the magnetosphere. Since most of the interest has centered
on the region from altitudes 100 to 60,000 Km, spherical harmonic repre-
sentations of the geomagnetic potential have been used almost exclusively.
Their usefulness in this volume of space is appropriate since the field
description is smooth and is easy to drop terms from the series as they
become insignificant with increasing distance from the earth. However,
there are details in the computation of this field that can confuse the
novice user of the numerous available computor codes since several different
conventions are followed. We attempt here to point out these differences
in convention and to present a coherent set of programs suitable to dif- ‘

ferent uses. f

II. Formulation
Making minor changes to the expressions given by Chapman and Bartels

"Geomagnetism" (1940 p. 639)%* we write the potential of the internal field as:

oo n n+l
a
a + n,m
V=a Z Z (r) (gn,m cos mlf h ’ sin m«f ) pRLm ()
n=1 =0
where a = radius of the earth

r = geocentric distance
g,h =Gauss coefficients
if = longitude

¥ We will hereafier refer to this book as GM



© = colatitude
Pyl (@) = associated Legendre functions (Gauss normalized)

from which three orthogonal components may be derived by taking the gradient

B= +VV to give
o n n+2 N

B.=avV=2 £ /a\ (g2Mcos m n™"sin mem) . pto™
g = oV (_ Pt ¥

ro nsl m=0 \r )

— =t +2 n,m n,m
B = 1 V =S % (_a_n m_ (-g™®™ sin mP+h" " cos mYf) P’ (8)
Y T sin © Y =1 m=0 \r sin@
= n n,m n,m
B.=3dV= —z S0 (gsl+2 (n+1) (g™ cos m¥+h " sin mY¥ )P’ (8)
r n=1 m= T

I 2.

and B = BQ + ¢ + B,

We here follow the notation in GM pp. 610-611 in denoting the (Gauss-
Laplace) funtions P®»™(0) which are distinct in normalization from
the Neumann functions Pn,m(Q) and the Schmidt functions PIIT; (6). The re-
lations between these functions is given explicitly in GM pp. 610-611,
Equations 11, 19 and 20. Here it is useful to note that

(2n)1/2%n! = (2n-1)1!

The generating functions used to compute P and J P are as
follows: 1o
POs0 =1 2p%°% =0
20 -
PP = (sing) pn-1l, n-1
2P = (sing) _Q_P_n—l,n-l + (cos6) po-1, n-1 (n2z 1) .
Jd e 36

and form;[nz 1
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PBLM = (c0s@) PO-1,m - gn,m pn-2,m

O P = (cose) d pn-1,m -(sine) pn-1,m _yn,m J ph-2,m where

30 30 So
KRB = (n-1)2 -p? n>1

(2n-1) (2n-3)
K3m = 0, n=1

For the dipole term of degree n=1 and order m=o the previous
expressions can be used to derive the field at the earths surface

(r=a) as follows:

Bg =g? pb0 = - gb0 g
0

B({ =0

By = -2gh0ph0= 2400605 0

Thus for gls0 >0, By € 0 for all 6 and B, <0 in the northern hemisphere
(6 €90°). These directions are different from those conventionally

used in geomagnetism as illustrated in Figure 1 (taken from GM pg. 2).

In this figure the three orthogonal components of the field are X (=north),
Y (= east) and 2 (= downward). Except for a slight difference of
definition between geodetic and geocentric coordinates to be discussed
subsequently, By ;—X, Br = -2 and B'f = Y. We realize that in choosing
to perform the evaluation of the field components utilizing PR,™(Q),
instead of the Schmidt quasi-normalized functions Pﬁ (8), we are creating
a problem, in that by international convention the g's and h's for the
expression of the geomagnetic field are to be used with the P%'s. Comments

on this point are to be found in GM pg. 638 as follows:
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"Workers in this field are advised to use the partly normalized
functions Pg ----- introduced by Adolf Schmidt. They have the ad-

vantage that the mean square value of Pﬁ is the same as that for

0

n® SO that the coefficients in the series indicate the relative

P
importance of the various terms. This choice would also remedy,
for the future, the regrettable confusion of notation which has
existed in geomagnetic literature in the past. A resolution re-
commending the use of Schmidt's functions was adopted by the
International Association of Terrestrial Magnetism and Electricity

at its Washington meeting in 1939%.

The reason that the gauss normalization is adopted for computer
use is that in the evaluation of By, B¢ and B, the choice of unity for
the first term of the generating function saves two multiplications
for each n and m. Since computer codes are being used extensively, this
slight shortening of the computation time is considered worth the

complication of converting gf, hy to g™, h™™. We maintain the

difference of convention used by Finch and Leaton (1960) whereby there

is a change of sign between the two types of coefficients and a corre-

sponding difference either in the sign of the potential V or in taking

the gradient ¥V to compute the field. Thus for the earth's field the
. 1,0 0

dipole term g—?~ > O whereas g < 0.

The factors Sn,m used for converting the "Schmidt normaligzed" co-

efficients gﬁ, hﬁ, to the "Gauss normalized" g®»m, h™™ are as follows:
SO,O = -1.

Sp,1 = Sn-1,0 [2n-1]
n
Sn,m = Sn,m-1 ‘/_ﬁgzgill:l_ where J
n-+nm J

2 form=1
1l form>1



Oblate Earth
The above formulation is rigorously correct only for a sphere.
In the past geomagneticians have chosen to ignore the fact that the
earth is non-spherical even to the extent of making no allowance for
its oblateness. To again quote GM (pg.64l):
"Wnile it is of considerable theoretical interest to consider
the influence of the earth's oblate form, it must be admitted that
this refinement has not added much to our actual knowledge of the
field. It makes no serious difference to the estimates of either
the exterior part, the interior part, or the non-potential part
of the results. No significant physical property of the geo-
magnetic field can therefore be attributed to the earth's oblateness."
However, as the accuracy of evaluation of the earths field increases
it is obvious that it will eventually be essential to take the earth's
true shape into account. So long as the evaluation of the harmonic
coefficients is done in spherical coordinates, r,® andtf, the resulting
fiaelds B., By and B?’ will be in strict geocentric directions. The
only constant pertaining to the earth is the radius a used in the potentidl
function. To be consistent with past determinations we have adopted the
mean value of 6371.2 Km for a. With this philosophy in mind the only
problem is that of converting positions in geodetic coordinates to
geocentric before evaluating thes field and of transforming the resulting
geocentric field vectors back to the geodetic system to compare with
data measured in this system. The expressions for this conversion are
given here only for the oblateness of the earth. Referring to Figure 2

we may write:




Figure 2
tany = h A 52 cosPA 482 cin? A+ 82 tan\
hpf A% cos® N +B% sin A+ 3°

and R2 = h2 + 2h A/ A2 cos2t',\+ B2 sin2}\ + A4 cos‘?')n + Bl* sinZA
A2 cos?® A + BR sin? X\

where:

"

height above the geoid

geocentric latitude (90°-0)

geodetic latitude

s YR &
1

geocentric distance

>
i

equatorial radius (=6378.165 Km)

B = Polar radius (=6356.783 Km)

Using A and h the geocentric quantities 6= 90 - y; and R may thus
be calculated for use in the previous expressions for B. The conversion

from By, Br to X and Y can then be done by the rotation:



X = -Bg cos § -B, sin§

3 = By siné -Bn cos & -
where J: N - ‘}'

For the use ot cuefficients of the field derived from surface -
data using the approximation that the earth is spherical, the proper

N\
relations are:

=90 - A X = -Bg

r

II1I. General Purpose Field Program

The purpose of the first set of programs is the evaluation of the
geomagnetic field components X, Y, %, F using any available set of
harmonic coefficients at any point in normal geodetic coordinates
Latitude, Longitude and Altitude.

The logic of the main control program FIELDG is given in
Figure 3 and the FORTRAN listing in Table I. As can be seen in the
listing, the variables are:

INPUT: DLAT = Geodetic latitude A in degrees (north positive).

DLONG = East longitude in degrees.

ALT = Height above the earth in Km.

TM = Time in years for which field is desired(é.g. July
15, 1964 = 1964.54)

NMX = Maximum degree N (=n + 1) of spherical harmonic
coefficients to be used.

L = Code to read in new coefficients when > O.
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QUTPUT: X = North geodetic component (=BN)*
Y = East component (=BE)*¥
% = Vertical component (=BV)*
F = Total field (=B)*

The units of the output field components will be the same as those
of the coefficients.
The logical blocks of the program are thus:
(1) Set Up Constants -
On the first call of the subroutine the constants are
set up for later use. The earth ellipsoid used here is
that discussed by Kaula (1963), with an equatorial radius
of 6378.165 Km and flattening factor of 1/298.3. (Polar
radius = 6356.783 Km)
(2) Coefficient Set up -
(a.) L Test
This block branching from L < O reads a set of coefficients
from cards in the format given in section V of this report.
The L value is then internally set O if time terms are pre-
sent or negative if not, for later use by the subroutine.
This test is made only on GT (N,M) on the assumption that

at least one such time derivative will be present. L should

*The labels BN, BE, BV, B were previously used in the Vanguard 3

Report (Cain et al, 1962) and some subsequent programs.



(3)

(4)
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only be set positive by the user if a new set of coeffi-
cients is to be read in. Since L is an input parameter
altered by the subroutine it should always be given as a
variable in the calling sequence rather than a fixed point
constant.
(b.) K Test
The branch cn K=C is the conversion of the Schmidt
to Gauss normalized coefficients. For K#O the coefficients
are assumed to be Gauss normalized and not converted.
(c.) Compute Coefficients for a new Time
The coefficients TG and TH are computed from the
G's and H's after being read in (L > 0) and thereafter
if I=0 and the time variable (TM) changes. Since the
secular change is small, many users may only wish to
change TM in increments of the order of a year.
Computations
The computations from 'Comp 1' up to where the FIELD sub-
routine is called calculate the proper inputs for FIELD. The
NMAX used in FIELD is limited to the smallest of MAXN or NMX.

Field Subroutine

This subroutine is given here in two versions as listed in
Tables II and IV respectively. Although the second version is
discussed under the next heading, it is so constructed that it
can also be called by FIELDG. The version in Table II is only a

slight modification of that given in the Vanguard 3 report (Cain

et al 1962). The variables are:
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INPUT: ST = sin®, CT = cos®
SPH = sin y% CPH = cos W
R = geocentric distance (Km)
NMAX = {(n + 1) maximum
OUTPUT: BT = Bg, BP = B7a, BR = Bp, B
The gauss normalized coefficients G and H may be fed from the TG
and TH in FIELDG through COMMON. In the event that one wished
to use Schmidt normalized coefficients directly instead of con-
verting it would only be necessary to add the factor SHMIT (N,M)
from the FIELDG program (after proper set-up) to the statements
PNM = P (N,M) * AR and TEMP = G (N,M) * CP(M) + H(N,M) * SP (M).
Tt is these NMAX?-1 pairs of multiplications that are saved on
each subroutine call by the use of gauss normalized coefficients.
One should note that although FIELD is here given as a sub-
program of FIELDG, it can also appropriately be used independently
provided the input variables and coefficients are in the proper
form.

Special Purpose Field Programs

(a) FIELD (non-indexed version):

For ultimate economy a machine-language hand coded subroutine
is the most efficient. However, since the use of subscripted
variables also increases execution time, particularly on some com-
puter compilers which do not handle indexed variables very effi-
ciently, a FIELD program with constants or constant indices could

shorten the execution time. This second version of FIELD is
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provided with the intent of supplying this extra efficiency.
Since it is a fairly lengthy program, it is expedient to
generate the FORTRAN text by the program code given in Table
IIT. This FIELD generator is set to generate the text to
NMAX = 18 but of course can be cut down to meet any specific
NMAX with a resulting savings in core locations. The text
actually listed in Table IV is a somewhat more compressed
version of that which the program generator produces. How-
ever, the compiled version of the two programs are identical.

(b) Timing:

An approximate timing for the FIELDG subroutine for NMAX=8

and TM changing is 5.5 ms on an IBM 7094 Model I. If TM
remains constant the execution time drops to about 2.5 ms.
A table of the execution time for the two versions of FIELD
on various machines is as follows (NMAX = 8):

FIELD TIME (millisec)

indexed non-indexed
IBM 7094 (II) 6.8 Lok
CDC 3600 8.7 6.
IBM 7094 (1) 12.4 8.3
UNIVAC 1107 16.9 12.6

IBM 1410 3700. 2500.
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(c) Decrease of NMAX with h

Although the dropping of terms from the expansion with
increasing R must be viewed according to the special use of
the program, we include here two FORTRAN statements that may
be included to cut execution time for large R:

NMAX = MAX1 (3., ABS (7.5/ALOG (1.001 + ALT/6371.2)%

NMAX = MINO (NMAX, MAXN)

where MAXN = maximum number of coefficients available.
Instead of performing the above computation each time
one could instead of course refer to an approximate table of

values of R for FIELD or ALT(Km) for FIELDG as follows:

NMAX ALT R/6371.2
3 71000 12.0
A 35000 6.5
5 22000 L5
6 16000 3.5
7 12000 2.9
8 10000 2.6
9 8000 2.3
10 7000 2.1

(d) Coefficient converter

For comparison of coefficients of different normalization
it may be useful to have a simple subroutine for coefficient
conversion. Such a subroutine is given in Table V with for-

mulation similar to that used in FIELDG.

*Fortran IV ALOG is logg
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V. Spherical Harmonic Coefficients

Collected herein are some of the published sets of spherical
harmonic coefficients in the format written by FIELDG in units of
gamma (=10"°Gauss). (Table VI)

VI. Sample Values

A few sample values of field generated by the FIELDG program
using the set of parameters marked "April 6/, coefficients" are as
follows:

TM = 1960.0 {=Epoch), NMX = 8

DLAT DLONG ALT X Y % F

-60 -180 0 10362 8221 -64160 65509
-60 -180 100 9822 7826 -61048 62327
-60 0 0 16356  -6532 -31525 36111
0 0 0 28047  -5969 -11352 30840
0 0] 100 26710  -5695 =10446 29240
30 -60 0 22650  -6341 43057 49063
60 120 0 14060  -2976 59558 61268
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SUBROUTINE FIELDG

Start

Set up
Constants
13
Time Terms? L=¢C
Yes
Read and
Write
Coeffs. P

Compute I
Coefficient

for new
tine

17

<0
(Schmidt)

Convert
to
Gauss

15

Comp 1

CALLING SEQUENCE:
20 Spherical
Earth DLAT = Degrees Latitude
#0 DLONG = Degrees East Longitude
20 ALT = Altitude (Kilometers)
21 TM = Time in years
NMX = Maximum degree + 1
= Control variable (Set > 0 to read in
coefficients)
North Component of Field
East Component
Vertical Component (Positive Down)
Total Field

VARIABLES DESCRIBING INPUT COEFFICIENTS:

J # 0 Coefficients derived using spherical
earth approximation

J = 0 Coefficients derived using oblate
earth

Oblate
Earth

N
[V

K G Schmidt Normalized
K 0 Gauss Normalized

h

RETURN

Transform
X and 3
to Geodetic

*Numbers at Branch Points are statement numbers

Figure 3
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Table I

SUBRJUTINE fIELDG (DLAT yDLONGo)ALT 3 TMaNMX, Lo X9Yy7,4F)
G=OMAGNLTIC FIELD USING ANY SET 0OF CCEFFICIENTS
L POSITIVE RUADS A Niw SET OF CULLFFICIENTS. FIRST CARD
READR AS IDENTIFICATION IN COLUMNS 10-72.1F COL. 1 ZLR0O THEN
CUEFFICIENTS ARE FOK UOBLATE U[ARTH, IF NG ZERO THEN SPHERICAL
EARTH. IF COL. 2 2ERD  THEN SCHMIDT NORMALIZED, IF NON-ZERD THEN
GAUSS NCRMALIZED. COLS. 4-9 CONTAIN £POCH YEAR,
PLAT ALT X AND Z ARt GEODETIC
REQUIRES SURROUTINC FICLD{ST,CT,SPH,CPH,R,NMAX,BT,BP,BR,8)
DIMENSION HU1EB418),G(18y18)3HT({18,18),GT(18,18),HTT{18,18),5TT(18,
113) 4SHMIT(123,18),A1D(11)
COMMON /COEFFS/TG(18,18),TH{18,18)
IF (SHMIT(1l,1)+1.) 1,3,1
A=6378.165
FLAT=1.-1./298.3
A2=A%s?2
Ab=Anes
32=(A#FLAT )#s?
A2B2=A2#(l.-FLAT2&2)
A4B4=A4x (1. -FLAT®24)
SHMIT(1l,1)=-1.
U0 2 N=2,18
SHMIT(N,1)=SHMIT(N-1,1)#FLOAT(2#N=3)/FLOATIN-1)}
J=2
D0 2 M=2,N
SHMIT{N,M)=SHMIT(NyM-1)#SORT(FLOAT((N-M+1)aJ)/FLOAT(N+M=2))
J=1
IF (L) 1944,5
I (TM=TLAST) 17,19,17
READ {546) JyKsTZERO,(AID(I),1I=1,11)
FORMAT (211,1X,F6.1,10A6,43)
WRITE (647) JeKoTZERDO,(AID(I),1I=1,11)
FORMAT (213,5XKy6HEPOCH=,F7.1,5X10A6,A3)
MAXHN=0
TEMP=0.
RCAD (549) WNgMaGNM,HMoGTNM,HTNM,GTINM,HTTNM
FORMAT (213,6F11.4)
If (N) 11,11,10
MAXN= (MAXO(NyMAXN))
G{NyM)=GNM
H{N, M)} =HNM
GTI{N,M)=(CTNM
HT{NyM)=HTNM
GIT{NysM)=GTTNM
HTT(NgM)=HTTNM
TEMP=AMAX1{TEMP,ABS({GTNM))
GO T0 8
WRITE (6425) ((NyMyGIN, M), H{NyM), GTINyM),HT{NsM),GTT{N,M) HTT(N,M)
l,M=1'N”N=29MAXN)
IF {TEMP) 13,12,13

L=-L
GO TO 14
L=0

IF (K} 17415,17

DO 16 N=2,MAXN

U 16 M=1,N
GINyM)=GIN,M)#SHMIT(,M)
HINyM)=HIN M) #SHMIT(N,M)
GT{N MI=GT(N,M)*SHMIT(N,M)}
HT{NsM)=HT (N, M) #SHMIT(N,M)
GTT{N,MI=GTT(NyM)=SHMIT(N,M)

SN NN D N
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17

2J

21

Table I Cont.

HTIT{N M) =HTT {N,M) #SHMIT (N, M)
F=T¥-TZERG

DU 13 N=2,MAKA

DO 138 M=1,N
TOINSM)=G{ Ny M) +T#(GTIN,MI+GTITIN,M)»T)
THINaMYSHINg M) +TH (HT (N, M) +HTT(NyM)}=T)
TLAST=TM

SINLA=SIN({CLAT/57.235773%)
RLONG=DLONG/ 5T .295T795

CPH=CUS{RLONG)

SPH=SIN{RLONG)

IF (J) 20,21,2¢C

R=ALT+6371.2

CT=SINLA

GO TQ 22

STINLAZ2=SINLA=#2

COSLAZ2=1.-SINLAZ

DENZ=A2-A2B2=#SINLAZ

NEN=SQRT(DEN2)

FAC=( ((ALT*DENY+A2)/ ((ALT=DEN)+E2) ) #n2
CT=SINLA/SQRI(FAC#COSLA2+SINLAZ)
R=SURTIALI = (AL T+2.#2CEN)+(A4-A4B4=SINLAZ2)/DEN2)
ST=SJRT(1.-CT##2)

NEAX=#M IO TNMX y MAXNY)

CALL FIELD (5T 40T ,SPH,CPRHyRyNMAX,BT,YBR,F)
IF (J) 23,24,23

X=-pT
7=-8R
RETURN

TRANSFURMS FIELD TU GeECGDETIC CIRECTIONS
SIND=SINLA®ST-SQRT{CGSLAZ)=CT
COGSD=SQRT(1.G-SIND#a2)
X==BT#CCSD-BR&#SIND

/=BT #5IND~-BR«COSD

FTORMAT (6HO N MOXIHGITOXIHHIXZHGTOXZHHTOX3HGTITEX3HHTT//(213,6F11.4

I
RETURN
LND

62
&3
64
65
&6
&7
68
69
70

12
73
T4
75
16
7
18
79
80
81
a2
83
84
85
86
B7
38
89
30
31
92
93
D4
95
96
97
8
39



Table II

SUBROQUTINE FIELD (ST,CT,SPH,CPH,R,NMAX,BT,BP,8R,B)
COMMON /COCFFS/G(18418),H(13,18)

DIMENSION P(18,18),DP(18,18),CONST(18,18),SP(18),CP{18),FN(18)FM{
118)

IF (Pl1,1)-1.0) 1,3,1

P(1'1)=1-

Dp(lvl)=0.

SP{1)=0.

cri{l)=1.

DQ 2 N=2,18

FN{N)=N

0O 2 M=l,N

FM{M)=M-1
CONST{NsM)=FLOAT((N-2)#22—-(M~]1)222) /FLOAT{(2=N-3)=(2#N~5))
CONSTI12,2)=0C.

SP(2)=SPH

cP(2)=CPH

DO 4 M=3,NMAX
SPIM)=SP{2)2CP(M-1)+CP(2)=S5P(M-1)
CP(M)=CP(2)=CP(M-1)-SP(2)eSP(M-1)
AOR=63T1.2/R

AR=AJR#«2

B1=0.

BP=C.

BR=0.

D0 8 N=2,NMAX

AR=AQR#AR

DO B M=1,4N

IF {N-M) 645,46

PINSN)=ST#P(N-1,N-1)
DP(NyN)=STaDP(N—-L1,N-1)+CT#P(N-1,N-1)

GO0 10 7
PIN,M)=CT#P{N—-1,M)-CONST(il,M)2P{N-2,M)
DP(NgM)=CToDP(N—-L1yM)-ST#P(N-1,M)-CONST{N,M)=DP(N-2,M}
PAR=P (N, M) #AR
TEMP=G(NyM)2CP(M)+H{N,MI=S5P (M)
BT=BT+TLEMP=DP(N,M)=AR
BP=BP~(GI{NsM)eSP{M)-H(N,M) =P {M))*FM(M)%PAR
BR=BR-TEMP#FN{N)#PAR

BP=8pP/ST

B=SQGRT(BT=BT+BPsBP+BR#BR)

RETURN

END

WO s N e
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17
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20
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23
24
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26
21
28

29

Table II1

PUNCHES FORTRAN TEXT FOR NON-SUBSCRIPTED FIELD PROGRAM
PUNCH 1

FORMAT (6X,50HSUBROUTINE FIELD ({(ST,CT,SPH,CPH,R,NMAX,BT,BP,BR,8B)})
PUNCH 2

FORMAT (6X,31HCOMMON/COEFFS/G{18,18),H(18,18))
PUNCH 3

FORMAT (6X,11HAR=6371.2/R)

PUNCH 4

FORMAT (1HC,59X,4HN= 2)

PUNCH 5

FORMAT (6X,THSP2=SPH)

PUNCH 6

FORMAT (6X,THCP2=CPH)

PUNCH 7

FORMAT (6X,6HP21=CT)

PUNCH 8

FOGRMAT (6X,6HP22=ST}

PUNCH 9

FORMAT {6X,9HDP21=-P22)

PUNCH 160G

FORMAT (6X,8HDP22=P21)

PUNCH 11

FORMAT (6X,12HAQOR=AR®*AR#AR)

PUNCH 12

FORMAT (6X424HC2=G{(2,2)2#CP2+H(2,2)#%SP2)

PUNCH 13

FORMAT (6Xy33HBR=~{AOR+AOR)»{(G(2,1)=P21+C2«P22)})
PUNCH 14

FORMAT (6X429HBT =AOR#{G{(2,1)+DP21+C2«DP22))

PUNCH 15

FORMAT (6Xy35HBP =AQR#(H{2,2)2CP2-G(2,2)%5P2)%P22)
DG 57 N=3,1C

NM=N-1

NM2=N-2

PUNCH 163NMyN

FORMAT (6XoBHIF{NMAX=,12,6H) 1,1,,12)

PUNCH 174N

FORMAT (1HC,59Xs2HN=412)

IF tMOD{N,2)) 18,21,18

NO2=NM/2+1 ’

PUNCH 19,NyN,N0O2,NO2,NO2

FORMAT {1294X2HSP 3 1244H=(SP,12,35H4+SP,12,4H)sCP,12)
PUNCH 20,NyNC2,N02sNO2,NO2

FORMAT (6X42HCP,I1294H=(CP12,3H+SP,12,5H)#{CP,I2,3H-SP,12,1H))
GO TO 24

PUNCH 224NoeNyNM,NM

FORMAT (I1244X32HSP12,7TH=SP22CP,12,TH+CP2%5P,]12)
PUNCH 23,N,NM, NM

FORMAT {(6X32HCP, 12,3 TH=CP2%CP,12,7TH-5P2%5P,12)

IF (N-3) 32,25,32

PUNCH 26

FORMAT (6X,23HP31=P21¢P21-0.333333333)
PUNCH 27

FORMAT (6X,11HP32=P214P22)
PUNCH 28

FORMAT (6X,11HP33=P22+P22)
PUNCH 29

FORMAT (6X,13HDP31=-P32~P32)
PUNCH 30

FORMAT (6X,16HDP32=P21#pP21-P33)
PUNCH 31




31

32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53

54

55

56

57

58

59

Table III (Cont)

FORMAT (6X,10HDP33=-DP31)

GO TO 43

DO 40 M=1,NM

INUM={N+M-3 )} {N-M-])
IDEN=(N+N—-3 )}« ({N+N-5)
[IC1=110000#1INUM)/IDEN+1000O
INUM=MODI{10000#*INUM, IDEN)
[C2=(10000=INUM}/ IDEN+10CO0

PUNCH 33,NyMyNM,M

FORMAT (6Xo1HP212,6H=P212P,212)

IF (M-NM) 34,36,34

PUNCH 35,IC1,I1C2y,NM2,M

FORMAT (5X4H$-0.9214,2H2P,212)

PUNCH 37 sNyM,NM, M, NM, M

FORMAT (6X,2HDP212,7TH=P212DP,212,7TH+DP212P,212)
IF {(M-NM) 38,40,38

PUNCH 39,IC1,IC2,NM2M

FORMAT (S5X34H3-0.:214,3H%DP,212)

CONT INUE

PUNCH 41,NsyNsNM,NM

FORMAT (6X1HP,212,6H=P22%P,212)

PUNCH 42 yNyNyNM, N, NM

FORMAT {(6X92HDP212,1H=912,4H.02P,2]2)
PUNCH 44

FORMAT (6X,10HAOR=A0R#=AR)

DO 46 M=2,N

PUNCH 45,MyNyMyMNyM, M

FORMAT (O6XelHC s I2¢3H=Gl 31291 Hys1254H)CPI2,3H+H{4[25s1Hy12,4H)=SP
1,12}

CONTINUE

PUNCH 47,NyN,N

FORMAT {6X,8HBR =BR =4312y10H.0%A0Re(G(,]2,5H,1)eP,12,1H]1)
DO 49 M=2,N

PUNCH 48,M,N, M

FORMAT (5X,3HS$+4C,12,2HaP,2]2)

CONT I NUE

PUNCH 50

FORMAT {(5X,2HS))

PUNCH 51 4N,N

FORMAT (6X4315HBT =BT +AOR#(G(912,6H,1)#DP,12,1H1)
DO 53 M=2,N

PUNCH 52,M N,M

FORMAT (5X,3H$+C,12,3H«DP,212)

CONT INUE

PUNCH 50

PUNCH 54 4NgNyN

FORMAT (6X,16HBP =BP —-AOQR#{(G{412y10H,2)¢SP2-H{,12,10H,2)«CP2)=2P,]
12,1H2)

DO 56 M=3,N

MM=M~-1

PUNCH 55,MMyNyM, MyN,M,M, N, M

FORMAT (SX,2H$+312,6H.0% (Gl y1291He9e1234H)#SPoI2,3H-H{41241H,,12,4H
1)2CP,12,3H)#P 4,212}

CONTINUE

PUNCH 50

CONTINUE

PUNCH 58

FORMAT (1H1,5X9HBP=BP/P22)

PUNCH 59

FORMAT (6X425HB=SQRT(BR=BR+BT«BT+BP=#8BP))
PUNCH 60

64
65
66
67
68
69
70
71
72

74
75
76
17
78
79
80

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124



60

61

Table III (Cont)

FORMAT (6X,6HRETURN)
PUNCH 61

FURMAT (6X,3HEND)
RETURN

END

125
126
127
128
129




w O

Table IV

SUBROUTINE FIELD(ST,CT,SPH,CPH,RyNMAX,BT,BP,BR,B}
COMMON/COEFFS/G(18,18),H{18,13)
AR=63T1.2/R

SP2=SPH

CP2=CPH

P21=CT

P22=5T

Dp21=-p22

pP22=pP21

AOR=AR*AR#AR
£2=G(2,2)%#CP2+H(2,2)%SP2
BR=—(AUR+ADR)#(G(2,1)#P21+C2#P22)
BT=AOR#{G(2,1)#DP21+L2%DP22)
BP=AUR#(H(2,2)1#CP2-G(2,2)%5P2) P22
IF(NMAX= 2) 18418,2

SP3=(SP2+SP2)»CP2
CP3={CP2+SP2)={(CP2-5P2)
P31=pP214P21-0.333333333

P32=pP21epP22

P33=p22«pP22

DP31=-P32-P32

DP32=pP21+P21-P33

DP33=-DP31

AOR=AOR#AR

C2=G(3,2)=CP2+H(3,2)45P2
C3=6{(3,3)#CP3+4H(3,3)+5P3
3R=3R-3.00A0Re(G{3,1)#P31+C2eP 32+C3eP33)
BIi=BT+ACR#(G(3,1)2DP31+C2+DP32+C320P33)
BP=BP-AQR#({5G(3,2)%SP2-H{3,2)#CP2)#P3242.0%(G(3,3)#5P3-H(3,3)=CP3)
1=P33)

IF (NMAX- 3} 18,18,3

SP4=SP22CP3+CP2#SP3

CPa=CP2+LP3-5SP2#5P3

P41=P21%P31-0.26666666+P21
DP41=P21#DP31+¢DP218P31-0.266666662DP21
P42=pP21#£32-0.20000000=P22
DP42=pP21+DP32+4DP21#P32-0.20000000#DP22
P43=pP21+P33

DP43=P21=DP33+DP212P33

P44=p224#P33

DP44=3,02P43

AUOR=A0OR#AR

C2=G(4,2)1=CP2+H(4,2)%5P2
C3=G(4,3)2CP3+H(4,3)#SP3
C4=G(4+4)2CPb4+H(4,4)25P4

BR=BR-4.0%A0R# (G(4,1)#P41+C28P424(3#P43+(4eP44)
BT=BT+ACR*#(G(4,1)#DP414C2#DP42+C32DP43+L44DP44)
BP=BP~ACR#({G(42)85P2-H(4,2)%CP2)2P42+42,0#(G(443)#5P3-H(4,3)¢LP3)
14P43+3.0#(G(4,4)2SP4-H{4,4)%CP4)*P44)

I+ (NMAX- 4) 18,18,4

SP5={SP3+5P3)«CP3

CP5=(CP3+SP3)+(CP3-5P3)

P51=P21#P41-0.25714285+P3] ¥
DP51=P21#DP41+DP2]1#P41-0.25714285+DP31
P52=P21#P42-G.22857142%P32
DP52=P21#DP42+DP21#P42-0.2285T7142#DP32
P53=P21#P43-0.14285T7142P33

O 00 ~N O DN



Table IV (Cont)

DPS3=P21 #DP43+DP21#P43-0.14285714*DP33 62
P54=p21aP44 63
DP54=P212DP44+DP21%P44 64
P55=pP224P44 65
DPS55=4,0%P54 66
AOR=AOR #AR 61
C2=G(5,2)%CP2+4H(5,2)#5P2 68
C3=6{(5,3)5CP3+H(5,3)#5P3 69
C4=G(5,4)#CP4+H(5,4) *SP4 70
C5=G(545)2CP5+H(5,5)#5P5 71
BR=BR~5,0#A0R*(G(5,1)2P51+C2%P52+C3#P534L45P54+C5%P55) 72
BI=8T+AQR#{G(5,1)*DPS1+C2#DP52+C3%DP534+C4#DP54+C52DP55) 73
BP=BP-AOR#((G(5,2)#SP2-H{5,2)#CP2)#P5242.0%(G(5,3)#SP3=H{5,3)#CP3) 14
1%P53+3.0%(G(5,4) *SP4—H(S5,4)#CP4) #P54+4,0#(G(5,5)%#SP5~H(5,5)%CP5) #P 75
255) 76
IF(NMAX- 5) 18,18,5 77
N= 6 78

SP6=SP2#CP5+CP2#SP5 79
CP6=CP24CP5-SP2#SP5 80
P61=P21#P51-0.25396825%P41 81
DP61=P21#DP51+DP21#P51~0.2539682520P41 82
P62=P21#P52-0.23809523%P42 83
DP62=P2] #DP524DP212P52-0.23809523#DP42 84
P63=P21#P53-0.19047619%P43 85
DP63=P21eDP534DP214P53-0.19047619%DP43 86
P64=P21#P54-0.11111111%P44 87
DP64=pP21#DP54+DP21#P54—0.11111111%DP44 88
P65=P21%#P55 89
DP65=P21#DP55+DP21#P55 90
P66=P228P55 91
DP66=5.0%P65 92
AUR=AQOR # AR 93
C2=G(6,2)%CP2+H(6,2)#5P2 94
C3=G(6,3)5CP3+H(6,3)%5P3 95
Ch=Gl6,4)*CP4+HI6,4)*SP4 96
C5=G(6,5)%CPS+H{6,5)#SP5 97
CH=G(6,6)2CPO+H{6,6)%5P6 98
BR=BR-6,0%A0R* (G 6,1 ) *PE1+CP#P62+C34P 6340 4*PL4+C5#P65+CH#POH6) 99
BT=BT+AUR®{G(6,1)#DP6EL+C25DP624C38DP63+C4*#DP64+C58DPEL5+4C620P66) 100
BP=BP-AGRS((G(6,2)1%5P2-H(6,2)5CP2)#P6242.,05(G(6,3)%SP3~H(6,3)%CP3) 101
1806343,08(G(6,4)2SP4—H{6,4)2CP4)#P64+4,0#(G16,5)%#SP5-HI{645)%CP5) =P 102
26545.0%(Gl6,6)2SP6=H{6,6)2CP6) #P66) 103
IF(NMAX— 6) 18,18,6 104
N= 7 105

SPT=(SP4+SP4 ) 2CP4 106
CPT=(CP4+SP4)#{CP4~5P4) 107
PTL=P21%P61-0.25252525%P5] 103
DP71=P21%DP61+4DP21%P61-0.252525252DP51 109
P72=P21#P62-0.24242424%P52 110
DPT2=P21#0P624DP214P62-0.242424624%DP52 111
P73=P212P63-0.212121212P53 112
DP73=p21%DP63+DP21#P63-0.21212121%DP53 113
P74=P21#P64~0.161616162P54 114
DP74=P21%DP64+DP214P64—-0.161616165DP54 115
P75=P21#P65~0.05090909*P55 116
DPT75=P21*DP65+DP21#P65-0.090909034DP55 117
PT6=P212P66 118
DPT6=P214DP664DP21%P66 119
PTT=P22 P66 120
DP77=6.0#P 76 121

ABR=AUR#AR 122




-

Table IV (Cont)

C2=G(T7,2)#CP2+H{T,2)25P2

C3=G(T7,3)2CP3+H(T,3)+5P3

C4=G(Te4)nCP4&+H( T4 )eS5P4

C5=G{T7,5)*CPS+H(T,5)%SP5

C6=G(T,6)%CPE+H(T,6)2S5P6

CT=GlT,7)0CPT+H{T,T)2SPT
BR=zBR—7.08A0R#(G( T4 1)#PT1L4C24PT2+C32PT734C4ePT4+L54PT5+C62PT64(TP7
17)
BT=BT+AUR®(G{T7,1)%DP71+4C28DPT24C3aDPT34C42DPT4+L58DPTS5+L6#DPT6+ T
1oP77)
BP=BP-AOR®{(G(752)2SP2-H{T7,2)#CP2)%P7242.0#(G(T,3)2SP3-H{(T,3)=CP3)
12P7343.0#(GIT,4)eSP4—H{T,4)2CP4)aPT4+4.0#{G(T,5)8SP5-H{T:5)+CP5)+P
275*5.0¢(G(716)’SP6—H(7'6)'CPb)'P76*6.O'(G(7.7)’SP7‘H(7'7)*CP7)'P77
3)

IFINMAX- T7) 18,18,7

SPB=SP2sLPT+CP2=+SP7

CPa8=CP22CPT-5P2sSP7

P81=P21#P71-0.25174825#P61

DPBL=P21aDPT7140DP213PT71-0.25174825+DP61

PB2=P21#PT72-0.24475524%P62

DP82=P21#DPT72+DP21#P72-0.244T755244D0P62

PB83=P21#PT73-0.22377622+P63

DPB3=P21+DP73+DP21#P73-0.22377622+DP63

P84=P212P74~0.18881118+P64

DP84=P218DPT74+DP212PT74-0.18881118=DP64

P85=P21#P75~-0.13986013#P65

DP85=P21«DPT54+DP21+P75-0.139286013=«DP65

PR6E=P212PT6~-0.07692307eP66

DPB86=P21#DPT6+DP21#PT6-0.CT7692307=DP66

P8T=P21P77

DPBI=P21=DPTT+DP21#PT7

PB8E=P22#P77

pP8a=7.0+P87

AOR=AQR#AR

C2=G(8,2)%CP2+H(8B,2)e5P2

C3=G(8,3)#CP3+H{8,3)e5P3

C4=G(8,4)aCP4+H(8,4)25P4

C5=G(B8,5)2CP5+H(8,5)25P5

C6=G{8,6)2CP6+H(HB,6)%SP6

CT7=G(B, 7)*CPT+H{(BR,T)=SP7

£38=G(8,8)%CP3+H(8,8)*SP8
BR=BR-8.0%AUR®(G(B,1)#PB8Ll+L2#PB2+C3#PB34+L4#PB84+C5%PB5+(6#P86+LT=PS
17+C8+PB8)
BT=BT+ACR.(Q(3,1)-opal+c2.opﬂz+c3-5P83+C4*DP84+CS¢DPSS+C6iDP86+C7I
I1DP87+CB8=CP83)
BP=BP—AQR®{{G(8,2)#5P2~H(B,2)#CP2)#P82+2.0#{G(B,3)=#SP3-H{8,3)2CP3)
1‘P83+3.O'(G(8.4)OSP4—H(8-4)'CP4)6984+4.U*(G(B-S)OSPS-H(B'S)OCPS)*P
285+5.0!(G(8,6)GSP6~H(8,6)*CP6)1986+6.0*(G(8n7)*SP7-H(8,7)*CP7)!P87
347.0#({G(8,B8)%SPB-H(B8,8)*CP8) %P B83)

IF{NMAX—~ 8) 18,18,8

SP9={SP5+SP5) +CPS
CPI=(CPS+SP5) = (CP5-5P5)
P31=P21«P81-0.25128205=P 71
DP91L=P21#DPB1+DP21#P81~0.25128205#DP71
PY2=P21#PB82-0.246153842P72
DP92=P21#DPB2+DP21%P82-0.246153842DP T2
P93=P21ePB3-0.23076923+P73
DP93=p21#DPB3+DP21#P83-0.23076923«DP73
P94=P21%P84—-0.20512820%P74

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
l64
165
166
167
168
169
179
171
172
173
174
175
176
irr
178
175
18C
181
182
183



Table IV (Cont)

OP94=P21#DP84+DP21#PB84-0.,20512820+DP 74
P35=P218PR5-0,16923076%P 75

NP95=P21 0P85 +DP21#P85-0.169223076%#DP75
P36=P21#P86-0.12307692%P 76
NDPY6=P21#DPB6+DP21eP3(~0.1230T7692#0DPT6
PIT=P21#PBT-0.06666666=PT7
OP37=pP21#DP3T+DP21#PBT7-0.066666662DPT7

PI3=P21#P88

DP98=p21#DP38+DP21#P838Y

P99=pP22%P88

DrP99=8.0=P93

AOR=1A0R=AR

C2=G19,2)#CP2+H(9,2)#5P2

C3=5(9,3)CP3I+H(9,3)#5P3

C4=G(9,4)2CP4+H(9,4)55P4

C5=G(9,5)2CP5+H(9,5)85P5

C6=G(9,5)2LP6+H{9,6)r5P6

CT=06(9,7)1*CPT+H(9,T)=SPT

C8=G{9,86)=CPB+H{9,8)=SP1]

CI=G(9,9)8CPI+H(9,9)eSPp7
BR=AR-F,08A0R#(G(9,1)aPIL4L2#P92+4C32PG34L4#PG4+C5+PI5+L 6#PIJ6+LT2PY
17+C8#P38+LI%#PI9)
BT=BT+ACR*#(G(9,1)2DP91+4C22DP32+C3#DPI3+C42DPIF4+C5%DPI5+CE6#DPIG+LT»
10P97+C82DPI8+CI=DPITY)
BP=£P-AUR((G{9,2)%SP2-H{9,2)%CP2)#pP32+2.0#(G(9,3)2S5P3-H{9,3)=CP3)
1#P9343,0#(G(9,4)#SP4A-H(9,4)%CP4)2PI4+4,.0%(G(9,5)#SP5-H{9,5)#CPS) P
29545.0%(G{9,6)8SP6~H(9,6)5CP6)#PI6+6.0#{G(9,T7)#SPT-H(9,7)=(PT7)=*P97
347.0%2(G(9,8)#SP8-H(9,8)#CP3)#P938+8,0%(G(9,9)%SPI-H{(G,9)«[P9I)#P9g)
IF{NMAX- 9) 18,18,9

N=10

SPLO=SP2#CPI+(P245P7

CPIC=CP2+CPI-SP2#SPY

PlO1=p21#P91-0.25098039#,81
DP101l=P21#DPI1+40P212P91~-0.25098039+DP81]
PlO2=P21#P92-0.24705882=+pP82
DP102=pP212DP324+NP2LxP92-0.24T705882+DP82
P103=P21#P93-0.23529411aP83
DP103=pP21#DP93+DP21#P93-0.23529411+DP8B3
P104=P21#P934-0,2156362T7%P84
DPl04=P21#DP94+DP21#P94~0.2156862T7sDP 84
Pl105=pP212pP95-0,.18823529#pP85
DP105=P21=DP95+DP21+#P95-0.18823529+CP8S
Pl06=P21#P96-0.15294117=P86
DP106=P212DPI6+DP21#P96-0.1529411T72DP 86
P107=P21#P37-0.10980392+P87
DP1lO7=pP21#DP97+0P21%P97~-0.10980392«DP87
P108=P212P98-0.05882352+P88
DP108=P21#DP9B8+DP21%P98-0.05882352«DP88

P109=P21*P99

DP109=P212DPI9+DP21%P99

P1010=P22+P99

DP1010=9.0%P109

AOR=A(QR#*AR

C2=6G(10,2)#LP2+H{10,2)#SP2

C3=G(10,3)=CP3+H(10,3)25P3

C4a=G(10,4)2CP4+H(10,4)25P4

C5=G(10,5)*CPS5+H(10,5)#SP5

C6=G(10,6)#LPO6+H{10,6)25P6

CT=G(10,7)#CPT+H(10,7)2SP7

CB8=G(10,8)#CLP8+H(10,8)=5P8

C9=G(10,9)*CPI+H{10,9)2SP9

184
1385
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
2217
228
229
230
231
232
233
234
235
236
231
238
239
240
241
242
243
244
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Table IV ( Cont)

Cl0=6{10,10)«CP10O+H(10,10)#5P10
BR=8R-10.0#A0R#{G{10,1)#P101+2«P1024C32P103+C4»P104+(54P105+C6=P1
106+C7#P10T7+C8+P108+C9#P109+C10*P1010)
BT=BT+AOR#(G(10,1)*DP101+C2#DP1G2+C3eDP103+C4*#DP104+C5#DP105+4C6#DP
11C6+4C7«DP107+C8=DP108+CI9#DP109+L10«DP1010)
BP=BP-AUR#{{G(10+2)25P2-H{10,2)=2CP2)2P10242.0#(G(10,3)#5P3-H(10,3)
13CP3)#Pl0343.0#(G(10,4)e5P4-H{10,y4)2CP4)#P104+4.0#{G(10,5)eSP5-H(1
2095)2CPS5)#P105+5.0%#(G{10,6)#SP6-H(10,6)2CP6)#PlO6+6.0%{G(10,T)=SP7
3-H(10,7)2CPT7)eP107+7.0#(G(10,8)#SP8-H(10,8)«(CPB)*P108+8.0=(G(10,9)
445P9-H4{10,9)=CP9)=P103+9.0+#(G(10,10)*SP1O-H{10,10)+CP10)*P1010)
IF(NMAX-10) 18,18,10
N=11

SP11=(SP6+SP6)eCP6

CPL1=(CP64SP6){CP6-SP6)

P111=P21#P101-0.25077399«P91
DP111=P21«DP101+DP21#P101-0.25077399«DP91
Pl12=p21%pP102-0.24T7T67801+P32
CP112=P21+DP102+DP21#P102-0.24767801#DP 92
P113=P21#P103-0.23839009=p93
DP113=P214DP103+DP21#P103-0.23839009%DP93
P114=P21#P104-0.22291021#P9%
DP114=p21#DP1l04+DP21#P104-0.22291021%DP 9%
P115=P21#P105-0.20123839+P95
DP115=P21=2DP105+DP212pP105-0.201238392DP95
P116=P21#P106-0.17337461+#P 96
DP116=P21%DP106+DP212P106-0.17337461=NP9I6
P117=pP21#P107-0.13931888+P97
DP117=P21#DP107+DP21#P1C7-0.13931888#0P97
Pl18=pP21#P108-0.09907120+p 98
DP118=P21=0P1084DP21+P108-0.09907120=DP98
P119=P21#P109-0.05263157#P39
DP119=P21+#DP109+DP21=%P109-0.05263157*DP99

P1110=P21#P1010

DP1110=P21#DP1010+DP21+P1010

P1111=P22+P1010

DP1111=10.0+P1110

AOQR=AQR=AR

C2=G{11,2)#CP24H{11,2)=SP2

C3=G(11,3)*CP3+H(11,3)%SP3

C4=G(1144)eCP4+H(11,4)2SP4

C5=G(11,5)#CP5+H(11,5)=SP5

C6=G(11+6)eCP6+H{11,6)2SPb

C7=G(11,7)aCPT+H{11,7)=S5P7

C8=6(11,8)#CP8+H(11,8)=SP8

€C9=G(11,9)=CPI9+H{11,9)%5P9

Cl10=G(11,10)+CP10+H(11,10)=SP10O

Cl1=G(1l1l,s11)eCP11+4H(11,11)#5P11
BR=BR-11.0#A0DR#(G111,1)#P111+4C2#P112+C3#P113+C4=P114+C5%P115+L62P]
116+C7+P117+C8sP118+C9=P119+C10#P111C+C11#P1111)
BY=BT+AOR*(G(11,1)#DP111+C2#DP112+C3sDP113+4C4#DP114+C52DP115+C6#DP
1116+C7#DP117+4C8#DP1184C9«DP119+C10#DP11104C11+DP1111)
BP=BP-AGCR#{(G(11,2)#SP2-H(11,2)#CP2)%P112+42.0#1G{11,3)#SP3-H(11,3)
1#CP3)#P11343.0%(6(11,4)2SP4—-H(11,4)%CP4)*PL14+4.0#(G{1L1,51#SP5-H(1
2145)#CP5)#P115+5.08{G(11,6)2#SP6-H(1146)#CP6)#PLLE6E+6.02{G(11,7)25P7
3-H(11,7)#CP7)#P117+7.0%(G(11,8)2SP8-H(11,8)=CPB)+P118+8.0#(G(11.9)
44S5P9-H{11,9)*CP9)#P119+9,0#{G(11,10)2SP10-H(11,10)=*CP10O)*P1110+10.
50#(G(11,11)#SP11-H(11,11)#CP1l1)#*Pl111)

IF(NMAX=11) 18,18,11

N=12

SP12=5P2#CPL1+CP2aSP11

CP12=CP2+(P11-5P2#5P11
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Table IV (Cont)

P121=P21%P111-0.25062656+P101
DP121=P21#DP111+DP21#P111-0.25062656=DP101
P122=P21%P112-0.24812030+P102
DP122=P212DP112+DP21#P112-0.24812030=DP102
P123=P21#P113-0.24060150«P103
DP123=P21#DPL134DP21#P113-0.24060150+DP103
P124=P21#P114-0.22807017#P104
DP124=P21#DP114+DP21#P114-0.22807017%DP104
P125=P21#P115-0.21052631=P105
DP125=p21+0P115+DP214#P115-0.21052631=DP105
Pl26=P21#P116-0.18796992+#P106
DP126=P21#DP116+DP21#+P116-0.18796992#DP106
PL27=P21%P11T7-0.16040100%P1C7
DPL127=P21L#DPL17+DP21#P117-0.16040100#DP107
P128=P21#P118-0.12781954%P108
DP128=pP21+DP118+NP21#P118-0.12781954*DP108
P129=pP21%P119-0.09022556%P109
DP129=p21#DP119+DP21#P119-0.09022556%DP109
P1215=P214P1110-0.04761904%P1010

DP1210=¢21#0P1110+DP21%P1110-0.04761904%DP1010

P1211=P21+P1111
DP1211=P21+DP1111+DP21+P1111
Pl212=P222P1111
0P1212=11.0+P1211

AQR=AOR#AR
C2=G{12,2)2CP2+H(12,2)#5P2
C3=G(12,3)#CP3+h(12,3)=SP3
Ca=G(12,4)=CP4+h(12,4)%SP4
C5=G(12,5)=#CP5+H(12,5)#S5P5
C6=G(12,6)#CP6+H(12,6)%5P6
CT=G(12,7)=CPT+H{(12,7)=SPT
C8=G(12,81#CP8+H(12,8)=SP8
C9=G6{(12,9)#CPI4H(12,9)*5P3
C10=6G(12,10)=CP1O+H(12,10)#SP10O
C11=6(12,11)+CPL1+H(12,11)#5P11
C12=5(12412)#CP12+H(12,12)25P12

BR=BR-12.0%A0R*{G{12,1)%P121+C2%P122+C32P123+L44P124+(5+P125+C6*P1
126+CT7=P127+4CB8=2P]128+C9=P129+4C10=#P1210+C11#P12114C12%P1212)
BTI=0T+AUR®#(G(12,1)2DP121+L24DP122+C3#DP123+C4%#0P1244+C5%DP125+C6#DP
1126+4C7#DP127+C82DP128+C9%DP129+C10#DP1210+C1120P1211+C12#DP1212)
BP=BP-AUR#((G(12,2)8SP2-H{12,2)2CP2)2P122+42.02(G(12,3)=2S5P3-H(12,3)
1#CP3)eP12343.,08(G{12,4)2SP4-H(12,4)%CP4)*P124+4,0#(((12,45)®SP5~-H(1
2245)#CP5)#P12545.0%(5(12,6)#SP6~H(12,6)#CP6)#PL126+6.0%(G(12,7)5P7
3=H{12,7)%CPT)#P127+7.0%(G(12,8)%5P8-H{12,8)=CPB)=P128+8.0#(6(12,9)
4=SP9-H{12,9)#CPI)*#P129+9.0=(G(12,10)#SP10-H(12,10)#CPLl0O)*P1210+10.
50 (G{12,11)8SP11-H(12,11)2CP11)®%PLl211+11.0%#(G(12,12)2SP12-H(12,12)

62CP12)apl212)
IF(NMAX-12) 18,18,12

SP13={(SPT7+SPT)sCPT
CP13=(CPT+SPT)={CPT-SPT)
P131=P21+#P121-0.25051759=%P111
DP131=P21%DP121+DP2L#P121-0.25051759+DP 111
PL32=P21#P122-0.24844720%P 112
DP132=P21»DP1l22+DP21%P122-0.24844720+DP112
P133=pP21%P123-0.24223602*P113
NP133=p21+DP123+DP212P123-0.24223602+DP113
P134=p212P124-0,23188405=P11¢4
DP134=pP21#DP124+DP21%P124-0.23188405=DP114
P135=p21#P125-0.21739130=P115
OP135=P21#DPL25+DP21#P125-0.21739130#DP 115
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Table IV (Cont)

P136=P21#P126-0.198757T76=%P116
NDP136=P21#DP126+DP212P126-0.198757762DP116
P137=pP21#P127-0.17598343+P117
DP137=P21%#DP127+4DP212P127-0.175383432DP117
P138=p212P128-0.14906832=P118
DP133=p21+DP128+DP21#P128-0.14906832+DP118
P139=P21#P129~-0.11801242+P119
DP139=P21#DP129+DP212pP129-0.11801242sDP119
P1310=P21e9P1210-0.08281573=P1110
DP1310=pP21=+DP1210+DP21+P1210-0.08281573«DP1110
P1311=P21#P1211-0.04347826+P1111
DP1311=P21«0P12114DP21%P1211-0.04347826sDP1111

P1312=P21+P1212

DP1312=P21%DP1212+DP2]1+P1212

P1313=p22#P1212

DP1313=12.0=#P1312

ADR=AQR#AR

C2=G(13,2)=CP2+H(13,2)=5P2

C3=G(13,3)+CP3+H(13,3)=5P3

Ca=G{13,4)2CP4+H(13,4)2SP4

C5=G(13,5)#CP5+H(13,5)#5P5

C6=G(13,6)2CP6+H(13,6)eSP6

CT=G(13,7T)=CPTH+H(13,T)=SP7

CB8=G(13,8)=CPB+H({13,8)+SP8

Co9=G(13,9)#CPI+4H(13,3)=SPY

Cl0=G(13,10)=CP10+H{13,10)s5P10

Cl1=G(13,11)=CP1l1+H(13,11)e5P11

C12=G{13,12)sCP12+H(13,12)%5P12

C13=G(13,13)#2CP13+H(13,13)«S5P13
BR=BR-13.0#A0R+(G(13,1)#P1314022P132+C3aP133+C4=P1344+L5#P]135+C6=P]
136+CT7#P137+C8«P1384C9«P139+L1C#P1310+4+C112P1311+C12+P1312+C13=P1313
2)
BY=BT+AOR#(G(13,1)#DP131+4C22DP132+C3#DP133+4C42DP134+C5«DP135+C6+#DP
1136+4CT+DP137+C8+DP138+4C9+DP1394+L10=DP1310+C11#DP1311+4C12=DP1312+4C1
23+DP1313)
BP=BP-AUOR#(({G(13,2)#SP2-H{13,2)#(CP2)sP13242.0%#(G(13,3)#SP3-H(13,3)
12CP3)#P13343.0#(G{13,4)%S5P4-H(13,4)2CP4)eP134+4,0«(G{(13,5)#SP5-H(1
2345)2CP5)#P135+5,0#(G(13,6)#S5P6-H(13,6)#2CP6E)#P136+6.0%#(G(13,7)=5P7
3-H(13,7)2CPT7)eP13T7+7.0#{G(13,8)eSP8-H(13,8)+CP8)*P138+8.0%#(G(13,9)
4#S5P9-H(13,9)2CP9)2P13949,0+(G(13,10)#SP10-H(13,10)«CP10)=P1310+10.
502 (G(13,11)=SP11-H{13,11)#CP11)#P1311+411.0%#({G(13,12)=SP12-H(13,12)
6#CP12)#P1312+412.0#(5(13,13)+SP13-H(13,13)=CP13)=P1313)

IF(NMAX-13) 18,18,13

N=14

SP14=SP2=CP13+CP2#SP13

CPl4=CP2+CP13-SP2+5P13

P141=P21+P131-0.25043478=P121
OP141=P21=DP131+DP212P131-0.250434784DP121
Pl142=P21%P132-0.24869565#P122
DP142=P21%DP1324DP21+P132-0.24869565+DP122
P143=P21%P133-0.24347826=P123
DP143=P212DP133+DP21+#P133-0.24347826*DP123
Pl44=P21#P134-0.234782602P124
DP144=P218DP134+DP21+%P134-0.23478260=2DP124
PL45=P21#P135-0.22260869+P125
DP145=P21#DP1354+DP21#P135-0.22260869=DP125
Pl46=P21+#P136-0.20695652+P126
DP146=P21+DP136+DP21#P136~0.20695652+DP126
P14T7=P21#P137-0.18782608+P127
CP14T=P21#DP137+DP21%P137-0.18782608=DPL27
P148=P21+P138-0.16521739=pP128
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Table IV (Cont)

DP148=P21=NP138+DP212P138-0.16521739#DP128
P149=P21#P139-0.13913043+P129
DP143=P212DP139+DP212P139-0.13913043+DP129
P1l410=P21+P1310-0.10956521%P1210
NP141C=P212DP1310+0P21#P1310-0.10356521+DP1210
PL41l1=P21#P1311-0.0765211732P1211
DP1411=pP21#DP1311+40P21#P1311-C.076521732DP1211
P1412=pP218P1312-0.04000000#P1212
DP1412=P21#0P1312+4DP21#P1312-0.04000000#DP1212

Pl413=pP21%P1313

DP1413=p21+«DP1313+DP21%P1313

Pl4l4a=pP22+P1313

PP1414=13.02P1413

AQR=AQR#AR

C2=G(14,2}12CP2+H(14,2)%S5P2

C3=G(14,3)+CP3+H(14,3)eSP3

Ca=G{14,4)1#CP4+H(14,4)2SP4

C5=G(14,51#CP5+H(14,5)=SP5

C6=G(14,6)*CPO+HI14,6)=5P6

CT=G(14,7)+CPT+H{14,7)+SP7

CB=6(14,8)*CPY+H{14,8)=Sp8

€3=G114,9)#CPI+H{14,9)%SP9

C10=6(14,10)=CP10+H(14,10)=SP10

Cl1=G(1l4s11)aCPLlLl+H{14,11)%5P1]

C12=G(14,12)8CP12+H(14,12)=5P12

Cl3=G(14,13)+CP13+H(14,13)=5P13

Cl4=G(14,14)#CP1l4+H(14,14)=5P14
BR=BR-14.G#A0R*#{G(14,1)#P141+C25P1424C35P143+C42P144+(5%P145+L06*P]
146+C72P 1 4T7+C8#PL48+4CO9%P149+4+C10%P1410+4C11#P14114C12%P14]12+C132P1413
2+Cl4wPl4l4)
BY=BT+ACR#(G(14,1)#DPL141+C2#DP1424C3%DP1434+C4#DP144+C5%DP145+C6+DP
1146+4CT72DP14T7+L8%DP14B8+CI9#DP149+4C10%*DP1410+C11#DP1411+C12#DP1412+C1
23#DP1413+C1420P1414)
BP=0P-AUR#{{G(14,2)aSP2-H(14,2)2CP2}#P142+2.0#(G(14,3)#SP3-H(14,3)
1#CP3)#P 14343, 0% (G(14,4)#SP4—H{14,4)uCP4)%Plast+4,.0%(G(14,5)#5P5-H(1
2445)2CP5)2P14545.0%(G(14,6)2SP6-H(14,6)#CP6)#P14646.02(G(L14,T)2SPT
3-H{14,7)=CPT7)=#P14T+7.0%(G(14,8)%SP8-H(14,8)+CPB)=P148+8.02(5(14,9)
4eSP9-H(14,9)#CPI)=2PL149+3.0#(G(14,410)#SP10-H(14,10)#CP10)=P1410+10.
50 {Gl1l4,411)#SPL1-H{14,11)#CP11)#P1411+11.0%(G(14,12)%SP12-H(14,12)
68CPL2)#P1412+12.0#(G(14,13)#S5P13-H(14,13)#CP13)eP1413+13.0#(G(14,1
14)%#SP14-H(14,14)2CPL4)2P1414)

IFINMAX~14) 18,18,414

N=15

SP15=(SP8+5P8)«CPS

CP15=(CPB+SPB)#(CPB8-SP8)

P151=pP21#P141-0.25037037%P131
DP151=P21#DP141+DP212P141-0.250370374DP131
P152=p21%P142-0.24888888+P132
DP152=P21aP142+DP21#P142-0.24888888%DP132
P153=P21#P1l43-0.24444444%P133
DP153=p21#DP143+DP212P143-0.2444464442DP )33
PLl54=P21%P144-0,23703703+P134
DP154=P21#DP144+DP21#P144~-0.237037034DP134
P155=p212P145-0,22666666%P135
DP155=P21#DP145+DP21%P145-0.226666662DP135
P156=P21#P146-0.21333333«P136
DP156=P21#DP146+DP21#P146-0.21333333«DP136
P157=P21#P147-0.19703703=P137
DP157=P21#DP14T7+DP21#P147-0.197C3703%DP137
P158=P21#P148-0.17777777%P138
DP158=p21#DP148+DP21%P148-0.1T7T777777#DP138
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P159=P21#P149-0.15555555+P139
DP159=p21#DP149+DP21#P149-0.15555555+DP139
P1510=P21%P1410-0.13037037=P1310
DP1510=P21#DP1410+DP21#P1410-0.13037037DP1310
P1511=P21#P1411-0.10222222+P1311
DP1511=P21#DP1411+4DP212P1411-0,10222222+DP1311
P1512=P212P1412-0.07111111+P1312
DP1512=P21#DP1412+DP21%P1412-0.07111111+DP1312
P1513=P21eP1413-0.03703703+P1313
DP1513=P21«DP141340P21+P1413-0,03703703+DP1313

P1514=P214Pl4l4

DP1514=P212DP1414+DP21%P1414

P1515=P22*P1414

DP1515=14.02P1514

ADR=AQR#AR

C2=G{15,2)#CP2+H{15,2)e5P2

C3=6(1%,3)%CP3+H{15,3)85P3

C4=G(15,4)#CP4+H(15,4)+5P4

C5=6(15,5)#LP5+H{15,5)%S5P5

C6=G(15,6)%CPL+HI15,6)25P6

C7=G(15,7)=CPT+H(15,7)=5P7

C8=G(15,8)=CPB+H{15,8)+SP8

C9=6(15,9)*CPI9+H(15,9)#SP9

C10=G{15,10)=CP1lO+H({15,10)#5P10

Cl1=6(15,11)#CP114H(15,11)=5P11

C12=G(15,12)#CP12+4H(15,12)=5P12

C13=6(15,13)#CP13+H{15,13)%5P13

Cl4a=Gl15,14)=CPl4+H{15,14)25P14

C15=G(15,15)#CP15+4H(15,15)85P15
BR=BR-15.0#A0R#(G(15,1)1#P1514C2#P152+C3#P153+C4#P154+L5#P155+L64P1
1564CT#P157+C8%#P1584CI%P1594C10#P1510+C11#P1511+4C12#P1512+C132P1513
2+C14#P1514+C15%P1515)
BT=BT+ADR#(G{15,1)#DP151+C2«DP152+C3#DP153+C4%DP154+L5%DP155+C6#0P
1156+CT7#0P157+4C8#DP1583+C9+NP159+4C10+DP1510+C11#DP1511+4C12=DP1512+C1
23%DP15134C14#DP1514+C15DP1515)
BP=BP-AUR#{(G(1542)8SP2-H{15,2)#CP2)#P15242.0%(G{15,3)#5P3-H(15,3)
1#CP3)#P15343.0#(G(15,4)%SP4-H(15,4)2CP4)#P15444.0#(G(15,5)=5P5-H(1
2551 #CP5)#P15545,0#(G(15+6)%#5P6-H{15,6)2CP6)%PL564+6.0#(G{15,T)=S5P7
3-H(15,7)2CP7)#P15747.0#(G(15,8)#5P8-H(15,8)#LPB)*P158+8.0%({G(15,9)
48SP9-H(15,9)eCP9)*P15949.0%(G({15,10)#SP10-H(15,10)#CP10)*P1510+1C.
50#(G(15,11)2SP11-H(15,11)#CP11)%P1511+11.0%#{G(15,12)=SP12-H(15,12)
6%CP12)#P1512412.0%#(G{15,13)%SP13-H(15,13)#CP13)#P1513+13.0%(G(15,1
74)#SP14-H(155,14)#CP14)=P1514+414.0#{G(15,15)#S5P15-H(15,15)+CP15)2P1
8515)

IF{NMAX-15) 18418,15

N=16

SPL16=5P2«CP15+CP22SP1S

CP16=CP2#CP15-SP2#SP15

P161=P21#P151-0.25031928=pP 141
DP161=P21#DP1514DP21#P151-0.25031928#DP141
P162=P21#P152-0.24904214#P142
DP162=P212DP152+DP21%#P152-0.24904214+DP142
P163=P21%P153-0.24521072%P143
DP163=P214DP1534DP21#P153-0.24521072%DP143
P164=P21#P154-0.238825C3«P 144
DP164=P21#DP154+DP21#P154-0.23882503«DP 144
P165=P21#p155-0.22988505P 145
NP165=P21#DP155+DP21+P155-0.22988505#DP145
PL66=P21%P156-0.21839080=P146
DP166=P21#DP1564DP21%P156-0.2183908C#DP146
Pl6T=P21#P157-0.20434227%P147

489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549



Table IV (Cont)

DP167=P21#DP157+DP21#P157-0.20434227+DP147
P168=P21#P158-0.18773946%P 148
DP168=P21#DP158+DP212#P158-0.18773946=DP 148
P169=P21#P159-0.16858237#P149
DP169=P21#DP159+0P21#P159-0.168582372DP149
P1610=P212P1510-0.14687100%P1410
DP1610=P21«DP1510+DP21#P1510-0.1468710040P1410
P1611=P21%P1511-0.12260536%P14l1l
DP1611=P21¢DP1511+DP21#P1511-0.12260536%DP1411
PL612=P21#P1512-0.09578544%P1412
DP1612=P21+#DP1512+DP21%P1512-0.095785444DP1412
P1613=P21#P1513-0.066411232P 1413
DP1613=P21#DP1513+DP21#P1513-0.06641123+#DP1413
P1614=P212P1514-0.03448275%P141%
OP1614=P21+#DP1514+DP21#P1514-0.03448275#DP1414

P1615=P21#P1515

DP1615=pP21#DP1515+DP21#P1515

P1616=P222P1515

DP1616=15.0#P1615

ACR=A0R=AR

C2=G116,2)#CP2+H(16,2)25P2

€3=G({16,3)=CP3+H{16,3)5P3

C4=G(16,4)2CP4+H(16,4)25P4

C5=G116,5)2CP5+H{16,5)*5P5

C6=G116,6)#CP6+H(16,6)#5P6

C7=G(16,7)2CPT+H{16,7)+S5P7

C8=G(16,8)#CPB+H{16,8)=SP8

C9=G{16,9)»CPI+H{(16,9)25P9

€10=G{16,10)*CP10+H(16,10)*SP10

Cl1=G(16,11)=CP11+H{16,11)}%SP11

C12=G(16,12)#CP12+H(16,12)%5P12

C13=G1{16,13)=2CP13+H(16,13)#5P13

C14=G(16,14)=2CPl4+H(16414)=5P14

C15=Gl16415)#CP15+H{(16,15)%5P15

Cl6=G(16,16)#CP16+H{16,16)%5P16

BR=BR~-16.0#A0R#{G(16,1)#P161+C2#P 162+C3#P163+C4%#P164+C5#PL165+(6*P1
166+C72P16T+CB8#PL6B+LI*P169+C10#P1610+C11#P1611+C12#P1612+C13%P1613
24C14%P1614+C15#P1615+4+C162P1616)
BI=BT+ACR#{G(16,1)#DP161+L2#DP162+(32DP163+4+C4#DPL64+C5#DP165+C6%DP
1166+C72DPL6T+C84DP168+C9*DP169+C10#DP1610+C11#DP1611+C122DP1612+4C1
23#DP1613+4C142DP1614+C15#DP1615+L16%DP1616)
BP=BP-AOR*#{{G(16,2)#SP2~-H{16,2)%CP2)#P162+42.0%(G(16,3)#5P3-H{16,3)
L#CP3)2P163+43.0%(G(16+4)%SP4-H{16,4)#CP4)*P164+4.0%{G(16,5)%SP5-H(1
2615)#CP5)#P1l6545.0#(G(16,6)#SP6-H(16,6)#CP6)#P166+6.02{G(164T7)2SP7
3-H{16,7)#CPT)#PL6T+T.0%(G(16,8)%SP8-H(16,8)#CP8)*P1684+8.0%(G(16,9)
4#SP9-H{16,9)#CPI) »P169+9,.0#(G(16,10)}#SP10-H(16,10)#CP10)#P1610+10.
50#{G(16,11)#SP11-H{16,11)#CP11)»P1611+11.0#(G(16,12)#SP12-H{16,12)
6+CP12)%P1612+12.0#(G(16413)2SP13-H{164131#CP13)#P1613+13.0#(G{16,1
T4)#SP1la-H(16,14)2CP14)sP1614+14.0#(G{16,15)%SP15-H{16,15)%CP15)#*P1
B615+15.0%(Gl16,16)#5P16-H{16,16)%#CP16)#P1616)

IF{NMAX-16) 18,18,16

N=17

SP17={SP9+5P9)=CP9

CPr1l7=(CPI+SP9)#({CPI-SPI)

PLl71=P21#P161-0.25027808=P151
DP171=P21#DPL61+DP21%2P161-0.25027808+DP151
P172=P21#P162-0.24916573%P152
DP172=P21#DP162+DP21#P162-0.249165732DP 152
P173=P21#P163-0.24582869%P 153
DP173=p21#DPl63+DP21#P163-0.24582869#DP153
P1T74=P21%P164-0.24026696*P154

550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
5719
580
581
582
583
584
585
£86
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
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3C57C.CCCO
-211C.CCCO
-1270.CCCC
2G€eC.CCCC
l¢4C.CCCG
115C6.CCCC
173C.CCCO
121C.CCCO
g8C.CCCC
§2C.CCLO
78C.CCCU
580.CCCC
-38C.CCCQC
310.C0CC
-24C.CCCC
280.CCCC
26C.CCCC
-€¢C.CCCC
-15C.CCCC
-7C.CCCC
€C.CCCO
110.C0CCO
-3C.CCCO
-2€6C.CCCO
=-30.CCCO
3C.CCCC
—=11C.CCCC

from Table 3 for 1942.5.

Table VI (Cont)

1546.C
h

-0.
5810.0CCO
-0.
-16€6C.0CCC
54C.CCCOC
-Cc
-g2C.CCCC
16C.CCCO
3C.GC0CO
-0.
14C.CCCO
-28C.C0CO
-80.0CCO
-130.C0CC
-0
30.CCGO
7C.CCCO
-20.CCCO
-14C.CCCO
g80.CCCC
-0
-70.CCCC
156.CCCO
-20.CCCG
C.
-1C.CCCC
-40.CCCO

cT

s.CCCC
2.C0CC
-18.CCCC
C.
2.CCCC
-C.
-C.

VESTINE

HT

_O‘
1.CCO0
_Oo
-20.CCCC
-14.CCGCC
~Ce.
-Oo
-C.
—O.
-Oo
-0.
-C.

GT7Y HTTY
-Ce -C.
-C. -C.
-C. -C.
~Ca -Ce
~0. -Ce
-0 -C.
°Co —Co
~-C. -Ce
~Ce -Ce
-0. -Ce.
-00 —C.
-Ce. ~Ce.
-0. -C.
-0. -Ce
-Co —C.
-Ce -Ce
=0 -Co
-Oo "C.
-0 ‘C.
~Ce. ~Ca
~Ce. ~Ce
=0 ~-Ce
=Ce ‘Co
-0 -C.
~0e =Ce.
-0- —Co
—0- ’Co

Vestine (1960) Table 1 correcting G(7,6) from -130. to +30.

Secular change
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EPCCH=

G

3045C.CCCC
-222C.CCCG
-151C.CCCC
265C.CcC0
146C.C0CC
11éC.CCCC
166C.CCCC
1230.CGCO
§3C.CCCC
s4C.cCCC
715C.CCCC
640.CCCC
-37C.CCCO
25C.CCCGC
-1¢C.CCCC
34C0.CCCC
21¢.ccCco
-80.CCCO
—-15C.CCCC
-50.CCCC
70.CCCO
4C.CCCO
-10.CCCO
-2CC.CCCO
-50.CCCQ
-2C.CCCO
-1CCc.CCCC

Table VI

1658,.5
H

‘00
5840.CCCC
-C.
=194C.0CGO
210.0CCC
-O.
-45C.CCCO
24C0.CCCO
-9C.0CCC
~C.
160.CCCO
-230.0CCO
-30.CCCC
-2C0.CGCC
-0.
10.C0OCO
20.0CCO
-SC0.CCCC
-120.CCCC
1cc.ccce
-0
~-5L.CCCO
€0.CCCO
20.CCCO
-10.CCCO
-1C.CCCO
-10.CCCO

Nagata and Oguti (1962)

(Cont)
NAGATA
CT

13.£CCC
5.G6CCC
21.20CC
-1.80CC
-C.1CCC
1.6CCC
-8.2CCC
1.1CCC
~0.5CCC
-4.4CCC
Z.17CCC
-2.CCCC
-1.CCCC
—-2.4CCC
Zz.1CCC
-1.80CC
c.2CCC
l.CCCC
-C.5CCC
1.70CC
2.1CCC
Cc.1CcCC
-C.2CCC
1.50CC
C.5CCC
-C.E.CCC

CGLTI

HT

-C.
Z2.3CCC
-C.
-16.CCCC
-17.1CCC
-0
£€.2CCC
2.5CCC
-6.7C0C
-C.
c.
-1.1CCC
2.5CCC
-2.1CCC
~C.
1.8CCC
l.7CCC
-3.8CCC
c.7CCC
C.2CCC
-C.
=-C.7CCC
-C.2CCC
1.5CCC
-1.1CCO
C.7CCC
1.CCCC

{INTERNAL)
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Private Communication (1964)

EPCCH=

G

1-30375.C0CC
2 -2087.CCCO
1 -1648.CCCO

2554.CCCC
1579.CCCO
11€4.CCCO

-2C33.CcCccC

1265.C0CC
#80.CCCC
$3C.CCCO
811.CCCC
45C.CCCO
-402.€CCCO
262.CC00

-179.CCCC

357.CCCC
248.CCCO
-2C.CCCC
-171.CCCO
-64.0CCC
42.CCCO
55.CCCC
12.Cccce
—-239.CCCO
l¢.CCCO
8.CCCO
-11C.CCC0O
77.CCCO
-56.CCCO
8.CCLO
5.CCCO
-35.CCCC
-16.CCCO
S.CCCC
2.CCCO
11.CCCC
22.0CCO
-€.CCCC
-17.CCCO
5.CCCO
2C.CCGO
-1.CCCC
12.CCCC
7.CCCC

Table VI

1565.C

H

-Q.
5769.C0C0
-0.

-169%5.00C0

116.C0C0
-0.
-38%.CCCC
230.CCCO
-141.C0C0
-C.
142.CCCO
-276.CCCC
5.00C0C
-2¢4.CCCO
-C.
30.CCCO
135.CCCO
-123.00C0
-1CC.COCC
84.CCCC
-0.
-18.00C0
101.CCCO
60.CCCO
-32.0CC0
-27.CCC0O
-12.C0CO
-0.
-47.€0GC0
-35.CCCC
-S.CCCC
2.000C
27.CCCC
-17.C0C0O
-24.C0C0O
-0.
5.C0CC
-7.0006C
3.ccce
-2C.00C0C
8.0CCO
26.CCCO
1C.CcCcC
-12.CC0C

(Cont)

LEATCN
CT

15.50CC
g.30CC
26 .6CCC
-1l.3CCC
1.3CCC
-Ca
-5.5CC¢C
—1.G6CCC
~-C.6CCC
GC.€CCC
l.cccCC
—-2.2CCC
¢.20C0
-3.C0CC
C.8CCC
C.4CCC
1.6C0CC
-C.30CC
-1.1CCC
l.7CCC
-Ce.
-C.50C¢C
l1.8CCC
1.40CC
C.€CCC
t.2CCC
—-2.2CCC
~Co.

EVANS (X+Y)

HT

-C.
0.£CG0
-C.
-11.4CCC
-1€.2CCC
-C.
3.2C0C
l1l.€CCC
~8.5C0C
-C.
3.CCCO
-C.7CCC
2.7C6C0
-2.7CCC
-C.
l.G6CCC
2.30C0
-1.&8CCC
l.4CCC
C.5CCC
-C.
-2.2C0C
Cc.2C0C
€.SCCC
-2.1CC0
-0.1CCC
-G.2CCC
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1 EPCCH=

M C

3022C.CCCC
216C.CCCO
176C.CCCC
=5C7C.CCCC
-135C.CCCC
-2%20.CCCC
50&80.CCCC
-2350.C0C0
-74C.CCCC
-385C.CCCC
—-3840.CCCC
-2340.C€CCC
£7C.CCCC
-1RC.CCCO
1c2C.CCCC
-342C.CCCO
-123C.CCOC
330.CCCC
330.CCCO
5C.CCGO
-142C.CCCC
-54C.CCCC
20.CCCC
2C05C.CCCO
180.CCCO
-40.CCCC
¢C.CCCC

Table VI (Cont)

1542.5
H

-C.
-553C.CCCC
-0.
2590.0CCC
~44C.CCCC
-0.
1940.CCCO
-3230.CCCC
-1C.CCCC
-0.
-1430.CCCO
7¢0.CCCO
1s0.CCCO
1C0.CCCC
~C.
530.CCCC
-17¢.CCCO
G0.CCCC
320.0CCO
~40.CCCC
~0.
-19C.CCCO
20€G.GCCCO
170.CCCC
GC.CCCO
50.CCCO
20.CCCC

JONES MELCTTE

Jones and Melotte (1953) Table V (Spheroidal earth)

{CBLATE)

GTT
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EPCCH=

G

3C411.2CCG
2147.4CCC
2403.5CC0
-5125.3CCC
-1338.1CC0
-3151.&CC0
€213.€CCO
-2485,.ECCO
-64G.€CC0
-4]1179.4CCC
~-4525.8CC0
-217S.5CCC
7CC.8€CO
-204.4CCC
1€25.€CC0
-344C.70CC
-1644.7CCO
-€60.€CCO
277.5CCC
€9.17CCO
-1952.3CCC
-485.3CC0
3z21.20CC
2141.3CCO
105.1CCC
22.70CC
111.5CCO

Table VI (Cont)

156C.C
H

-0.
-5798.G6CCO
=0
3312.4CC0C
-157.5CCO
_C.
1487.CCG0
~-4C7.5CCO
21.CC00
-0.
-1182.5CC0
1CCC.6CCO
43.CCCO
138.5CCO
-0
-75.60C0
-2C0.CCCC
45G.7CCO
242.1C00
-121.8C00C
-Q.
~-575.8CCO
-873.5CCC
-34C.6CCC
-11.8CC0
-111.6CCO
=32.50C0

Jensen and Cain (1962)

JENSEN CAIN




Table IV (Cont)

DPL74=P212DP164+DP214P164-0.240266968DP154
P175=P21%P165-0.23248053#P155
DP175=P21#0P165+DP21#P165-0.232480538DP155
PlT76=P21%P166-0.22246941%P156
DP176=P21#DP166+DP21%P166-0.22246941+NP156
PLT7=P21%P167-0.21023359=P157
DP177=P21%DP1674DP21#P167-0.21023359«DP157
P1l78=P21#P168-0.19577308=P 158
DP178=P21#DP168+4DP212P168-0.19577308«DP158
P179=P214%P169-0.17908787#P159
DP179=p21#DP169+DP21#P169-0.17908787=+DP159
P1710=P21#P1610-0.16017797+P1510
DP1710=P21#DP1610+DP21#P1610-0.16017797«DP1510
P1711=P21«P1611-0.13704338%P]1511
DP1711=P21#0P1611+40P21#P1611-0.13904338#DP1511
P1712=P21%P1612-0.11568409#P1512
DP1712=P21#DP16124DP21#P1612-0.11568409+#DP1512
P1713=P21#P1613-0.09010011#pP1513
DP1713=P21=DP1613+DP212P1613-0,09010011#DP1513
P1714=P212P1614-0.06229143#P1514
DP1714=P212DP16144DP21#P1614-0.06229143#DP1514
PL715=P21%P1615-0.03225806#P1515
DP1715=P21#DP16154DP21%P1615-0.03225806#DP1515

PL716=P21#P1616

DP1716=P21#DP1616+DP21#P1616

Pl717=P22spP1616

DP1717=16.0%P1716

AOR=AQR#AR

C2=G{17,2)#CP2+H{17,2)#SP2

C3=G(17,3)=CP3+H{(17,3)+5P3

C4=6G(17,4)#CP4+H{1T,4)s5P4

CS5=G(17,5)=CP54H{17,5)e5P5

C6=G(1T,6)=CP6+H{1T,6)25P6

CT=G(1T,7)#CPT+H(1T7,7)eSP7

C8=G({17,8)eCPB+H{17,8)#5P8

€9=G(17,9)«CPI+H{17,9)#SPI

Cl10=G(17,10)=CP1O+H(1T7,10)%SP10

Cl1=6G(17,11)eCPL1+H({17,11)e5P1]

C12=6G(17,12)#CP12+H(17,12)e5P12

C13=G{17,13)#CP134+H{17,13)#5SP13

C14=G{(17+,14)2CPLl4+H(17,14)#5P14

C15=G117,15)%CP1S+H{17,15)+SP15

C16=G(17,16)=CPL6+H{17,16)%SP16

CL7=G(17417)#CP1T7+H(LT,17)#SP17
BR=BR=17.08A0R*{G(17,1)#P171+C2#P172+4C3#P173+C4uP1lT4+L5+P1T54C64P]
L76+4CT7T#PLTT7+CB82P1T784C92P1794C10#P1710+4C11#P1711+4+C12#P1T712+4+C13%P1713
2+C14%P1714+4C15%P17154C16P1T716+C174P1717)
BT=BT+AUR#(G(17,1)#DP171+C2%DP1724C3#DP1T73+L4#DP1T74+C52DPLT75+(6%DP
1176+C7#DP1T7+C8=DP178+C9=sDP1794C10#DP1710+C11#DP1711+4C12#0P1712+C1
23#DP17134C14=DP1714+C15#DPL7154C16«DP17164C17#DP1717)
BP=3P-AOR*{{G(17,2)#SP2-H(17,2)¢CP2)#P17242.0%#{G(17,3)25P3~H(17,3)
L=CP3)#P1T73+43.0#(G(17,4)#SP4—H{17+4)3CP4)sP1T4+4,0%{G(1T7,5)#5P5-H(1
2795)%CP5)#P1T545.0%(G(17,6)#SP6-H{1T,6)#CP6)#PL1T76+6.0=(G(1T,7)=SP7
3-H{17,7)=CP7)#P1T77+7.0%{G(17,8)+SPB-H(17,8)=*CP8)*P178+8B.0*({G(17,9)
46SPI-H(1T,9)#CP9)%P1T7949.0%{(G(17,10)2SP10-H(17,10)«CP10O)*P1710+10.
50#(G{17,11)#S5P11~-H(17,11)+«CPL11)#P1l711+11.0#(G(17,12)e5P12-H(17,12)
6#CP12)#P17124+12.0%(G(17,13)2SP13-H{(17,13)sCP13)#P1713+413.0#(G(17,1
74)8SP14-H(17,14)%CPl4)#PLT714+14.02(G{17,15)#SP15-H(17,15)=CP15)=pP]
8715+415.0#(G(17,16)#5P16-H{17,16)2CP16)#P1T716+16.0%{G{17,17)%SP1T7~-H
9{17,17)+CPLT7)#P1717)

IF(NMAX-17) 18,18,17

611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
63C
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671



Table IV (Cont)

SP18=5P2#(CP1T+CP245P17

CP18=CP2s(CPLlT~-SP2#SP17
P1B81=P21#P171-0.250244374P 161
DP181=P21+DP171+DP21#P171-0.25024437#DP161
P182=P21#P172-0.24926686%P162
DP182=P21#DPLlT72+4DP21#P172-0.24926686%DP162
P183=P21#P173-0.246334314P163
DP1B3=P21=*DP1734DP21#pP173-0.24633431%0P163
P184=P21#P174-0.241446724P164
DP184=P21*DP174+DP21#P174-0.241446722DP164
P185=P21#P175-0.23460410%#P165
DP185=P21#DP1754DP21%P175-0.23460410#DP165
P186=P214P176-0.22580645#P166
DP186=P21#DP176+DP21#P176-0.22580645#DP166
P187=P21#P1l77-0.21505376#P167
DP187=P21+DPLT77+DP21#P177-0.21505376%DP167
P188=P21#P178-0.20234604+P168
DP188=P21+DP178+DP212P178-0.20234604»DP168
P189=P21#P179-0.18768328+P169
DP189=p21#DP179+DP2]1#pP179~-0.187683282DP169
P1810=P21+#P1710-0.17106549#P1610
DP1810=P21#DPLT710+DP21#P1710-0.17106549%DP1610
P1811=P21#P1711-0.15249266%P1611
DP1811=P21#DP1711+DP21#P1711-0.15249266+DP1611
P1812=P21#P1712-0.13196480#P1612
DP1812=P21#DP1712+DP21#P1712-0.131964802DP1612
P1813=P214P1713-0.10948191#P1613
DP1813=p21#DP1713+4+DP214P1713-0.10948191+DP1613
P1814=P21#P1714-0.08504398+#P1614
DP1814=pP21#DP1714+4DP21+P1714-0.08504398%DP1614
P1815=P21#P1715-0.05865102+P1615
DP1815=P21#DP1715+DP21#P1715-0.05865102+DP1615
P1816=P21+P1716-0.03030303#P1616
DP1816=pP21#DPLT16+DP21#P1716-0.03030303+DP1616
P1817=P21+P1717

DP1817=P21#DP1T717+DP21#P1717

P18L3=P22#PLTL7

DP1818=17.0%P1817

AQR=AUR#AR

C2=6{18,2)#CP2+H(18,2)25P2
C3=6{(18,3)#+CP3+H(18,3)=#5P3
C4=G(18,4)#CP4+H(18B,4)*SP4
C5=G(18,5)«CP5+4H{18,5)#SP5
C6=G{18+6)#CP6+H(18,6)»5P6
CT=G(18,7)+CPT+H{18,7)eSP7
€C8=G{18,8)#CP38+H(18,8)=5P8
C9=G{18,9)#CPI+H{18,9)+S5P9
Cl10=G(18,10)=CP10+HI(18,10)%SP10
Cl11=6(16,11)+CP1l1+H{18,11)=SP11
Cl2=6G(18412)#CP12+H{18,12)=5P12
C13=G(18,13)#CP13+H{18,13)=5P13
C14=G(18,14)#CP1l4+H(18,14)%5P14
C15=G(18415)#CP15+H{18,15)*5P15
C16=G(18,16)2CP16+H{18,16)%5P16
Cl7=G(18,17)#CP17+H{18,17)%S5P17
C18=G(18,18)*CP18+H(18,18)=5P18

BR=BR-18.0#A0R*{G(18,1)#P181+C22P182+C34P183+C4*P184+C54P185+L6+P1
186+C7=P1B7+CB8#P188+CI#P18I+C10#P1B10+C11#P1811+C124P1812+4C132P1813
2+C14#P1814+C15#P1B15+C16%P1316+C1T7#P1817+C18%P1818)

BYT=BT+AOR#{G(18,1)#DP181+C2%DP182+4C34DP183+4C4»DP1B4+CS5«DP185+C6=DP

18

672
673
674
615
676
6717
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
107
708
709
710
711
712
713
114
715
716
717
718
719
720
721
122
723
124
125
126
727
728
729
730
731
732
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Table IV (Cont)

1186+C7+0P187+C8+DP188+C9+DP1BI+C10#DP1810+C11+DP1B811+C12DP1812+C1
234DP18134C14+DP1814+C154DP1815+4C16#DP1816+C17«DP18174C182DP1818)
BP=BP-AUR=((G(18,2)#SP2-H(18+2)#CP2)eP182+2.0#(G(18,3)eSP3-H(18,3)
1sCP3) 2P 18343, 0#(GL18,4)#5P4-H{1B,4)#(P4)sP1B84+4.08{G{18,5)#5P5-H(1
28,5)#CPS)#P185+5.02(G{18B46)#SP6-H{18B,6)#CP6)sP186+6.,0#(G(18,7)5P7
3-H(13,7)#CPT7)#P18747.0%(G(18,8)»SP8~H(18,8)=CP8)*P1BB+8.0#(5(18,9)
42SPI-H(18,9)#CP9)#pP189+9.0+(G(18,10)«SP1O-H(18,10)=CP10)«P1810+10.
50#(G(18,11)#SP11-H(18,11)#CP11)#P1811+11.0#(G{18,12)%SP12-H(18,12)
62CP12)#P1812+12.02(G118,13)#5P13-H{18,13)+LP13)«P1813+13.0+(G(18,1
74)%SP14-H{18,14)=#CPl4)sP]1814+14.0%(G(18,15)#5P15-H(18,15)«CP15)+P1
BB15+15.0#{G(18416)#5P16-H(18,16)¢CP16)#P1816+16.0%{G(18,17)#SP17-H
9({18,17)2CP17)=P1817+17.C#{G(18,18)»5P18-H{18,18)+CP18)«P1818)
BP=BP/P22

B=SQRT(BR#BR+BT*BT+BP=BP)

RETURN

END

133
134
735
136
137
738
739
140
741
742
T43
144
145
746
147
748
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Table V

SUBRIUT INE CONVRT (GyHyaNMAX,K)

K=1 CONVERTS SCHMICT TO GAUSS. K=2 CONVERTS GAUSS TO SCHMINT
DIMUNSTON GU18,18),0{18418),5(16,418,2)

S{1ly151)=-1.

DT 1 N=2,NMAX
S{Nel31)=SIN-1,1,1)#FLOAT(22N-3)/FLOAT(N-1)

J=2

O 1 M=2,N
S{NyMyL)=S{inyM=1,1)#SQRT{FLOAT({HN-M11)2J)/FLOAT(N+M=2))
J=1

00 2 N=2,NMAX

DO 2 M=],N

S{iNgMy2)=1./7S{nNsMy1)

(‘)(NrM)=U(N'M)§S(.\I'M'K)

HINyMI=HINy M) 2SN, M,K)

Ve TURN

END

NaEe S o R I R S
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Table VI

C EPCCr= 1658.0 ACAM, ET, AlL.

M G r GT HY GTT ETT
1-3C¢1C.CCCC ~C. l1.CCCC -C. ~Ce -C.
Z —2CSC.CCCC 5730.0CCC €.CCCC l.CCCC -0 -Ce.
1 -1380.CCCO -C. ~-22.C0CC -C. -0. -C.
£ 2S10.CCCC -1g8C.CCCO 0. -1z.CCCO -C. -Ce.
2 189C.CCCO -4C.CCCO S.CCCC -2C.CCCC -0. ~-C.
1 G5C.CCCC -0. 3.CCCC -C. ~0. -0.
2 -174C.CCCO0 -600.CCCO ~12.C0CC -1.CCOC -0. ~0.
3 111C.CCCO 370.C0CO Co. 5.CCCC -C. -0
4 €€C.CCCO 30.C0CO -4 .CCCC -8.CCCC -C. -C.
1 113C.CCCO -0. -2.CCCC -C. -C. -C.
Z g5C.CCCC 2€¢0.0CC0 4.CCCC 4.CC0C -0 -0.
2 €20.CCCO0 -340.CCCO -2.CCCC -1.CCCC -C. -C.
4 -110.CCCO -40.CCCO l1.CCcCC 1.CCCC -C. -C.
< 41C.CCCO -330.CCCO -2.CCCC ~3.CCCC ~Ce -C.
1 -130.CCCC -0. -C. -C. -0. -0
l 1Cc.CCCOo0 -380.C0CO 0. ~Ce -0 -C.
32 17C.CCCC 110.CCCC -Ce. ~-0. -C. -C.
4 -2CC.CCcCO -130.CCQ0 “Ce ~C. -0 ~-C.
€ =440.CCCO -1€0.0CCO -Ce -C. -0. -0.
¢ -33C.CCCO 40.CCCO -C. ~Ce ~-C. ~Ce.
1 -120.CcCCC -0. -C. ~C. -C. -Ca
2 12C.CCCO 40.C0CCO -C» =Ce -C. ~Ce
3 20.CCCO 290.0C00 -C. -0 -0. -0
4 -380.CCCO 30.CCCO -C. -Ce. -C. ~Ce
£ 2C.CCCO 2Ccc.Coco -C. -Ce ~C. -Ce
¢ =250.CCCO 360.CCCO -C. -0 -C. -C.
7 —1€C.CCCO 70.C0CO -Ce -Ce. -0. ~C.

Adam, et al (1962) Table 4

Adam et al (1963) Secular change from Appendix for 61 observatories 1954-1959.
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EPCCE=
G

3042¢.3718
-2173.5651
-1547.8441
2669.83C4
1574.2527
1322.6534
-2C008.9C%8
1275.C282
877.26¢€0
G5€.7080
766.5928
527.2557
-400.360¢€
2712.€58¢6
-241.C05¢
352.9445
23141537
-33.1C23
-146.66543
—T71€.€225
57.6125%
T0.€926¢€
20.4417
-240.5729
~-16.1271
-C.4148
-1CC.4C9C
8G.9445
-47.2579
~-2.1539
-25.8317
-11.3775
2€.£820
5.631C
5.6776

Table VI (Cont)

15€C.C
h

O.
57¢€1.1544
C.
-164G6.1511
2Cl.4746
C.
-441.7920
232.8557
-117.9¢88
C.
14G6.2406
-2€6.3760
-2.6335
-262.0834
C.
O.1744
124.38C2
-1C3.5510
—-98.2729
75.4376
-C.
5.6802
85.5440
58.26174
-18.C492
-24.8€694
4.5572
-0.
-51.1593
=22.46CC
6.4347
—-37.7228
43,7049
-3.6613
—-26.29873

Daniels and Cain (1964)

APRIL €4 CCEFFICIENTS

cT

1€.6272
T.3484
-24.81C17
-C.8373
0.7765
=-C.4255
-1C.49832
3.392¢
-1.G43C
C.813¢
5.3684
~1.907¢
-C.15€C
C.82¢2
3.5132
-C.€87S
2.4824
C.€225
C.C353
1.5714
~-C.
-C.

HT

GC.
-1.85117
C.
~14.0435
~17.€824
0.
1.52€0
3.58573
-8.5€13
C.
~0.5162
-l.€63¢
3.16232
~5.4194
C.
1.8192
2.G4C7
-C.TEGS
-C.2172¢
~-0.239¢
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Table VI (Cont)

EPCCH=

G

1-3C55C.CCCC
Z =2210.CCCO
1 —152C.CCCC

U D W N R AN D W RN e U DN ) RN e BN RO e LN

303C.CCCO
1580.CCCO
118C.CCCGC

-161C.CCCO

1260.CCCO
S1C.CCCO
$5C.CCCO
8CC.CCCO
58C.CCCO
-380.CCCG
31C.CCCO
-270.CCCC
32C.CCCO
2Cc.ccCo
~-4C.CCCC
=150.CCCO
-7C.CCCO
1CC.CCCO
5C.CCCC
20.CCCO
-24C.CCCO
-3C.CCCeC
C.

-110.CCCO

1655.¢C
k
—Ce

56€0.0CCO
-0.

-19C6.C0CO0

240.0GCO
-00
-450.00C0
290.CCCO
-90.CCCO
-0
150.0CC0O
-310.CGCO
-40.0CCO
-170.0CCO
‘0.
20.C0CU
1€C0.CCCO
~-50.0CCO
~140.0CCO
3C.C0CO
-0.
-20.0CCO
110.0C€C0O
O.
~-1G.0C00
-3C.0CC0
-10.C0000

Finch and Leaton (1960)

Leaton (1962)

FINCH
GT

1c.CccCcC
1c.CcCcccC
-20.5CCC

-2.2333
1.75CC
3.Ccccc

-3.25CC
1.CCCC
1.25CC

-1.60CC
t.2CcCC
2.80CC
0.2CCC

-1.C0CC
C.40CC
C.16€7
1.CCCC
l.16€7
1.CCCC

-C.5CCC
C.16617

-1.€670

LEATCN
HT

"0.

~0.

-0
-1€.5C00
-13.CCcCC

-Ce.

1.3233
4.CCCC
-10.CCCC

-Ce

-2.5C00

-2.CC0C

1.5C00

—-6.CCCO

~Ce

5.2CCC
1.2CcCC

-2.€6C0C

1.€00¢C
0.4CCC

-00

-0.8333

2.CCOC
2.5C0C

-0e
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EPCCH=

G

1-305CS.CCCO
2 -2181.CCCC
1 -1464.CCCO

G md N N U0 N e M oeld RO D G0 NG e ed N U N W0 RO e RO DN D N e U DN WO A e B0 RN e W0 R

2s17l.CCCO
1673.CCCO
l1147.CCCQ

-2012.CCCO

1151.CCCC
831.CCCC
357.CCCO
8e¢3.CCCO
583.CCCO
-312.CCCC
237.CCCG
-2€67.CCCO
212.CCCC
251.CCCC
=52.CCCO
-113.CCCC
-8.CCC0
48.CCCC
131.CCCC
-15.CCCC
=224.CCCO
13.CCCC0C
-71.CCCC
~671.CCCO
1C4.CCCO
-64.CCCG
8.CCCC
-1&.CCCG
-42.CCCC
£5.CCCC
-€¢.CCCO
-33.CCCO
-1¢.CCC0
£.CCCC
13.CCCO
-5.CCCO
23.CCCC
-1C.CCCC
-17.CCCC
¢1.CCCC
C.

Table VI (Cont)

15¢60.0

h

O.
5841.C0C0
0.

-1988.CCCO

188.0CCC
O.
-390.0CC0
291.CCCO
-=174.CCCO
C.
173.CCCO
-292.CCCO
65.CCCO
-206.€0C0
(VS
~39.CCCC
léi1.CCCO
-127.0CCC
-147.6CCO
gg.cCcCO
C.
1.CC00
€£2.C0CCO
38.CCCO
16.CCCO
4.C0OCC
~-57.CCCO
0.
-£6.0CC0
7.CCCO
37.CCCC
22.C0C0
8.CCCO
€2.0CCO
3.CCCO
C.
~6.CCC0
-21.CCCO0
-1.CCGO
-70.CCCO
5.CCCC
-11.0CCO
O.
O.

Fougere (1964)

FOUGERE

GT HT
-C. -C.
-C. -C.
-C. -C.
~Oe -Ce
-C. -C.
~Ce -0.
-0. -C.
-C. -C.
-C. -C.
-C. -0,
-0. -0.
-C. -C.
-C. -C.
-Cc -O.
-0. -G.
~C. -C.
~Ce =Ce
-Ce —Ce
-C. -0.
-Ce -C.
-C. ~-C.
-C. ~-C.
-C. ~C.
-Ce -G
-C. -0.
-C. -C.
~-GC. -C.
-C. -C.
~Ca -C.
-C. ~-C.
-C. -U.
~C. -C.
-C. -C.
=G -C.
-C. —Ce
~C. -C.
-C. -Ca
~-C. -C.
-C. -C.
-C. ~C.
=-C. -C.
-G -Ce.
-C. -C.
-C. -C.




